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U. S. Depabtmbnt of Agriodltttre, 

Division of <'iiemistuy, 
Washington, J). C, January 3, 1809. 
8iB: 1 liave tbe houor to transmit lierewitb the manascript prepared 
by Mr. A. A. Denton, of Medicine Lodge, Kans., on the mano&otore 
of Borgham Hirup. 

In snbinittin;;' tho inamiscript tlio author nays: 

III llii) loUovviM;,' ))a){<>M tlii^ HiiiiiihsNt nicaiiH only, siiitiMl In sii ii|i iiiaki'iN wlio li:iv« 
limitc.il fiicilitics, mo loiiHiiUiriMl, 

A ( (iiiniitoriilili' iiiiprovriiieiit in tlio iiiialily of M(ir;^liuni sirup is rlioi toil by reiiiov- 
iiiH nil NiiHpi'iidod iiiipiirilicH frmii tho Juii i'. Tlio impiiritios Avliich neither riHe nor 
settle, ami wlilcli iiroiint Hiicccssliilly liltiTid mil, injure tho product. In this artii lo 
ttio matter is considorod, buiii^ th(^ fiiHt and NimpleHt step in the effort to impruvu the 
quality of ■orgbum sirup. Tbe oonsideration of tbe second step, tbe removal of 
w^nUa ImpBfitlee, ia rewrrod for a «eooiid article. Tbe removal of tbeee matteia is 
eiwential to tbe prodnction of a flniahed firtt-claae table airnp, and it is intended to 
work experimentally in tbat line tbe ooming season, and to test and to develop tbe 
most praotioable process for removing 1>utli the solid and suspended imparities, wid 
also thn solnltlo inipnritieH from sorghum juice, so as to prepare a high-grade table 
Hiriip, in placo of tho cnidt' product wbich bas liorotufore been made. 

Mr. Deuton lias devoted many years to tbe study of the problems 
connected with the culture of sorghum cane and the manufacture of 
sirnp. Owing to his large practical experience in this worli, this article 
-Bhoald be of value to the many tboasaud farmers who annually pro* 
dooe sorghnni sirup for thdr own ttse and for local and other markets. 
I therefore rcconniieiid that it be published as a Farmers' Bulletin. 
BespectfuUy, 

H. W. Wiley, 

Chief of Division. 

Hon. Jaubs Wilboii, 

Secretary , of Agriculture. 
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THE MANUFACTURE OF SORGHUM SIRUP. 



DEFINITIONS. 

The word "sorghum" has a double meaniug. It is the uamo of a 
cane-prodncing raee of plants, and it is also often used as the name of 

tlic siriii) wliidli is producoil from sorghum cniioa. To avoid confusion, 
the words "sorghum plant" aud "sorghum sirup" are sometimes used 
instead of " sorgham..'' The words « sorghnm plant" bare also a doable 
meaning. Machinists nse tlio word "])lant" as a collective name for 
the apparatus and inacliinciy rc(iuired to do certain work. A "steel 
plant," for instance, is the name for all of the machinery re(iuired to 
produce steel, and a "sorghum plant" would be understood by some to 
be the apparatus required in manufacturing sorghum, and by others 
would be understood to refer to the sorgham race of plants. 

SORGHUM. 

The word "sorghnm" is generally understood to include only t]u\ 
sweet, saccharine, sngar-prodaoing varieties of canes. Botauists iuclude 
in the term, Kafir corn, Jemsalem corn, rice com, brooincorn, dnrra, 
ndlo maize, and many other so-called uonsaccliarinc^ varieties of sorghum. 
These hybridize, or cross, or mix with ' each other, and also with the 
saccharine varieties. They are closely related and belong to the same 
family of plants. All of the "nonsaccliarine" varieties ])roduce more or 
less sugar, haviug a content of 2 per ceut aud more iu the juice, merging 
into the "saccharine" varieties, which contain from 10 to 15 percent 
of sugar ill the juice. These two classes of sorghum ha\ o no distinct 
line of separation. A variety of sorghum may be said to be nonsaocha- 
rine when its juice contains too little sugar for the practical manufac- 
ture of sugar or sirup. 

When the juice of sorghum canes is clarified in the usual ways, and is 
concentrated by evaporation until a gallon weighs, approximately, 
11^ pounds, the product is known as sorghum sirup or molasses, or as 
"sorghum." Sugar-cane sirup made in the same way is known tn 
Louisiana as "sirup," the descriptive words "sugarcane" being well 
understood. It is usually made less heavy than sorghum sirup, aud is 
of less weight tbau is generally desired by simp consumers. When 
reduced to a density of 11^ pounds per gallon, a part of the sugar oon- 
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tained in the sirnp is likely to crystallize, and the thin molasses remain- 
iiiK after the partial crystallization of the sagar is liable to ferment. 
Sugar-cane simp and sorghnm sirnp are the coneentrated jnioes of the 
canes, the easily separated imparities of- the Joice being removed by 
more or less Imperfect processes of clariflcation, no sagar being taken 
firom the sirup. 

MOLASSBB. 

Molasses ia wli;it remains wlioii more or less of tlie. siiijur ct^itaiiied 
in the sirup lias been extracted. In iiuuiy parts of tlie couutry, Low- 
ever, sorgbiim sirup is called molasses. In Louisiiaia molasses is 
classed in two kinds — " O. K.," that is, open-kettle or open-pan molasses, 
t and "centrifugal" molasses. Opeq-kettle molasses is made in the same 
way as sugar cane simp, but the sirnp is boiled in open pan to greater 
density than is nsnal in sagar-cane drap. A part of the sugar in thd 
sirup crystallizes and is removed. The remaining molasses is then 
rehoiled until it is suiliciently thick and heavy. As the excess of sugar 
has beeu extracted, the remaining molasses can be concentrated to 
greater density than is nsnal in sngar-cane simp, and the final product 
is less liable to <'rystallize or to ferment. As it still contains consider- 
able sugar, this open kettle molasses is in active demand for use as 
haman food. It is often sold at as high a price or at a higher price 
than suj;ar cano sirup from wliicli no suj^ar has been taken. In the 
market reports, sugar cane sirup and open-kettle molasses are not 
iniirequently quoted before the close of the season with the addition of 
the words " None in first hands." It is snid that the manufacture of 
sugar cane sinq) and of open-ketlio luohisses is in many cases as prof- 
itable as the manufacture of sagar, and requires less capital and skill; 
also that the quality of sugar cane simp and of open-kettlu molasses 
made in small and cheaply e()uipped &ctories is fully equal, and 
often superior, to that made in costly factories which work on a much 
larger scale. 

f ' KNT R 1 I ' ( ; A 1 . M 1) L A .SS H S. 

Oeutrifugal molasses is the poorest marketable jjroduct of sugar 
cane. It is what remains when as much sugar as possible has been 
extracted from the sirup. It is the residue of sugar manufacture. It 
contains but little sugar, and all of the impurities left in the Juice by 
imperfect clarification. Oentrifagal molasses luis deteriorated in qual- 
ily io recent years because of the improved method of extracting the 
iingar. So mnch sugar is extracted that the remaining molasses is 
often so impoverished that it has little value. It is sometimes sold at 
very low prices, is fed to stock, fermented, or thrown away. It has 
been proposed to bnra it or to return it to the soil. Sugar cane is 
grown ill sineii States. In those sections in which but little sugar is 
made the molasses has a high average value. The yield of molasses 
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and its value are lowest in the great sugar-producing sections. Tlie 
reason is that in the former sections the molasses is the principal joltject 
of cane manufacture, while iu the latter sections the molasses is eaori- 
flced in order to obtain the greatest possible yield of sugar. 

In sugar ciiue sirup there is often an undesirable excess of sugar. 
Ju open-kettle molasses the excess of sugar has been removed. In 
centrifugal molasses as much sugar has been extracted as is possible. 

In each one of tliest* classc^s there is a wide ranf^e in quality and in 
value. There are as many as ten commercial grades, namely, " Fancy," 
"Choice," "Strict prime," "Good prime," "Prime," "Good fair," "Fair," 
"Good common," "(<()iiniioii," and "Inferior." At tins writinj;- sugar- 
cane sirup, in its home wholesale market, New Orleans, brings 20 to 28 
cents a gallon ; open- kettle molasses, 21 to 32 cents, and the miBdlam 
grade, " ( i ood lair," 25 cents a siilloii. Centrifugal molasses now bringH 
from 8 to '20 cents, and the medium gratle, "Good fair," 12 to 13 cent^ 
a gallon. In Northern wholesale markets sorghum sirup of avenge 
quality brings less than sugar-cane sirup, less than open-kettle sugar 
cane molasses, and ranks in the great trade centers about the same as 
the middle grades of centriftigal molasses. 

SORGHUM SIRUP AND SUGAR-CANE SIRUP COMPARED. 

The manufacture of sugar-cane sirup and molasses is worthy of care 
ful study by sorghnm strnp makers. It is said that in the manufacture 
of suijar from snj^ar cane or sugar beets fr om one half to three quarters 
of the expense is in procuring the cane or the beets. Sorghum cane is 
piodnced more cheaply than either, having 13 or U pounds of Bsgar 
iu 100 pounds of the juice. When sncli cane is properly utilized it 
should be worth $2 a ton to the cane grower and $1 a ton to the manu- 
facturer, giving a profit to both. It is possible to clarify sorghum juice 
of aver;ig(i ([uiility so as to remove the impurities which give the sirup 
its ui!<lesiral)le (jnalities, and to secure a product which is as acceptable 
as sugarcane sirup or molasses. 

When tlie impurities iu sorghum juice, which give the sirup its unde- 
sirable qualities and which also hinder crystallization, are removed, 
the sirup is improved in (luality, and also crystal 11 /.es readily. When 
flrst dass sirup is made from sorghum it is necessary to extract 
the excess of sugar from it and make opeu-kettle molasses, as is 
done with sugarcane siruj). This is necessary to make the excess of 
sugar in the sirup uncrystallizable, as is sometimes done in the man- 
ufacture of sugar-refinery sirups. In an attempt to improve the 
quality of sorghum sirup i)y using superior means for clarifying tiie 
juice, the writer made 0,U()0 gallons of sirup, which had 0 pounds of 
sugar in each gallon and which yielded 4 pounds of unrefined sugar 
of giiod (|ualiiy from each gallon. Rut such sirup wlien reduced to 
the density required lor sorglium sirup becomes "nmsh sugar," which 
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is a mixture of »ugHi' tiuil molasses. It cau nut be relied on to remain 
sirnp. In this case, after the ezMHS of sugar bact been extracted, the 

remaining niolassos was reboiled to thick Tiiolassos, which was open* 
kettle sorghum mohis8e». It was sold at the same pi.ce that the sirup 
was worth before the extraction of the sugar. 

XiITTXiB CHAROB IK PROCBSBBB OF MAXXKO 8XRXTP. 

The manufactureof sQgaT'caDesinipandofsoTgbain dmp has changed 
little ill the past forty years. The processes now ased are essentially 
the same as they were then. A little lime, heat, a partial separation of 
iiii|iiirities from the jaico by skimming or settling, or both, and evapora 
tiou by opm pan are the means generally employed. This lack of prug- 
is in striking contrast with the improvements which have been 
made ill noiirly all other iiiauiitiicturing pi ocesaes (luring Mic ])a.st: (oi ty 
ycATS. Improvement in sugar-cane sirup manufacture is much less nee- 
enary than it is in the mannfaotnre of sorghnm sirnp, because sngar- 
cane Juice is naturally much i)urcr than sdrghum Jiiicc. When 1(10 
pounds ot° Louisiana sugar cane Juice are evaporated to dryness, about 
tfO per ceot of the dry solids which were in solution in the jnioe consist 
of cane sngar and glucose and ahontlOpercentof the dry residues con- 
sist of substances which arc neither cane sugar uor glucose, lu the dry 
leaidnes of sorghum juice, about 75 to 77 per cent consist of cane sngar 
and glucose, and nearly one fourth of the solids which were in solution 
consists of substances which arc neither cane sugar nor glucose. Sor- 
ghum juice contains fully twice as much impurity as sagar-caue juice. 
It is this excess of vegetable impurities which places sorghum-simp man- 
ufacture at a disadvantage. When the excess of impurity is removed, 
the disparity between sugar-cane sirup and sorghum sirup ceases. 
Sorghuin-sirnp manufacture has declined, and must continue to decline, 
unless purer juice can be obtained from better varieties of sorghum, or 
unless the Juice can he made purer by better clarillcalidn. 

The fact that the quality of sorghum sirup or of sugar-cane sirup has 
not improved in the past forty years is not good cause for abandouing 
attempts to improNc tlie manufacture of either. It was sixty-live years 
after Margraff begau the manufacture of beet sugar that Barruel dis- 
covered tlie earbonatation process of purifying beet juice which is now 
BUOoessfnlly used in making r),O0(»,(M»(i tons of beet sugar annually. It 
was sixty- four years after the Russian chemist Kirchoff begau glucose 
manufacture that American glucose manufacturers found the right 
way out of their diflicnlties, enabling them to produce at the present 
time 1,000 tons a day of liquid corn sirup and solid starch sugar. It is 
now only necessary to llnd the way to purify sorghum Juice properly in 
order to quickly develop an extensive and profitable manufacture of 
sorghum sirup. It is not necessary that a great invention or discovery 
should be made. Some of the methods of clarifying saccharine li(|uids 
which have been developed and successfully used by beet-sugar makers, 
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caue bugar makers, sugar reducrs, or by glucose makers way be Ibuud 
ta%e afao Adapted to the clarification of sorgham jniee. These ipmgeM 

iiTo. written witli tlic i)iirposo of stating the facts and the difficulties of 
sorgliuin simi) uuiiiulaciture in a general way, with a hope of inducing 
airnp makers to improve their processes rather than with the intention 
of assomiug to state the precise methods to be used. 

BTATISnOS OF BOBOHUK PSOOTTGTIOH. 

The ini[)iovcincnt of sorglinni-sirnp manufacture is not a small mat- 
ter, uor is it a uuitter of merely local importance. The x^roduction of 

- sorghum sirnp was, in 18(10, 6,749,123 gallons; in 1870, 16,050,089 gal- 
lons; ill ISSO, 28,441,1201.' siilhms; and in ISDO, 24,2.35,218 gallons. 

In 1 881), 1 1 States produced over a million gallons of sorghum sirup 
each. It was produced in greater or less qaantities in 44 States and 
Tori itorics. Missouri, Tennessee, Kciitiiclcy, Arkansas, Texas, Kansas, 
Iowa, Georgia, North C'arolina, Alabama, and Illinois, in the order 
given, prodnced the largest quantities, ranging from 2,721,240 gallons 
in Missouri to 1,110,183 gallons in Illinois. The report of the Kansas 

- State Board of Agriculture shows that in 1890 that State produced 
3,431,100 gallons of sorghum sirup, not 1,484,937 gallons, as stated in 
the national census returns, thus placing Kansas easily first instead of 
fifth in Borghum-sirup production. 

Tliesii statistics show the adaptation of sorghtuu to a wide ranges of 
conditions of soil and climate, scarcely second to that of corn. Sor- 
ghum succeeds in seraiarld sections where corn often fails. Its cnlti- 
vation extends fur to the iiorlh, 3, 800 acres being grown in Minnesota, 
• and to tiie south, 1,755 acres being grown in Louisiana for sirup produc- 
tion. Its acreage is greatest in the States of the plains, EannMS 
having in 18!)S nearly a million acres of all varieties, saccharine and 
nonsac(tliarine. 

The census of 1890 shows that sorghum - sirup production had 
declined as (■om])ared with the census of 1880 in thirteen States and 
had increased in eiglit States, (lenerally the production had declined 
in 18!)() about 15 per cent from tliat in 1S80. It is believed it has 
declined, still further since 1S90. The conditions of sorghum-sirnp 
manufactnre in 1899 disappoint the hopes that were cherished in thia 
years 1850 to 1880. In order to bring |)ros])ority to this declining 
mdustry, it is necessary to improve the method of manufacture so as to 
produce a first-class finished table sirnp, which will be in demand by all 
classes o I" people, iiist(^ad of the crude, acid, turbid, rank lla\ored. and 
dark-colored sorghum which is often made by the primiiive processes 
now used. 

SOBQHUM Hr SEMIABID SECTIOirS. 

In recent years the acreage of sorghum has immensely increased in 
the semiarid sections of the West. The ability of sorghum to endure 
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droaght is a very valuahk', (|ir.ility ol' tlic iilaiit, lor it enables it to live 
where otber plauts ofteu i)eri8li. Sorghum was brought to this country 
firom the arid sections of Asia and Africa, and it bus the ability which 
ia found in plants in arid sections to suspend growth when moisture is 
tatokiug and to r«tew growth when rains come. Bat the sorghniii- 
■irap manafacturer in semiarid sections has more need for efficient 
means for removing impurities from the jaice than those fn more nni- 
fonn cliiiiiitcs. The canes are at times wilted and drooping, the Juice 
oontaiulug from oue-ht'th to one-fourth of its weight of solid matter. 
Impurities often do not settle well fh>m snch dense jnioe. When rains 
come tlie eaiios renew their growth. Tlie juice is then loiided with 
vegetative matter, which often neither rises well as scum nor settles 
well as sediment. Intermittent growth of the canes oansed by drongbt 
and flood often iMijiairs the fimility ol" the siru]) w hich is prnduced in 
the semiarid sections. As a rule, the sirup produced in such lucalities 
itinferior in qaality to that produced in more regular climates, where 
the canes arc subjocitcd to fewer droughts and floods. .\ll snrj^liiun- 
sirup makers need more ellicient means tor x)uriiying the Juiee. The 
sirup makons in the semiarid sections, in which the largest acreage is 
grown, have esitecial need for better separation of the excessive amount 
of vegetative impurities which their aorghum juice often contains. 

There seem to be two ways in wliieh the quality of sorghum simp 
maybe improved. The lirst is the selection of varieties of sorghum 
which yield purer juice, or which yield impurities which are less objec- 
tionable w whic^h may be more easily removed from the juiee. The 
second way is the use of more ethcient processes for puriiying the juice 
or tite sirup. 

Txpsuam YABXEneoB or sorohux. 

There are many hundreds of varieties of sorghum. They differ in 
external ((uaiities, such as size, height, yield of seed, color of seed top, 
time of maturing, etc They also ditfer in quality of juice, such as the 
ttmount of sugar contained and the percentage of glucose, and they 
probably also dill'er in the nature, kind, or quantity of impurities con- 
tained in the juice. In the numerous varieties of sorghum which are 
%Bown there are surely a few which are preeminently adapted to sirup 
manufacture. There are many varieties of the nniiile tree — one, the rock 
maple, is esteemed as the best for maple-sirup manufacture. There are 
many varieties of the palm tree— one, the sugar palm, is considered 
the best for sirup or sugar inanufaciture. The "Creole" cane in Louis- 
iana is considered tiie best for some uses, and some other varieties 
the best for sugar manufacture. It seems evident that all varieties 
of sorghum are not exactly alike in any respect, and that a few are 
certainly sui)erior for simp manufacture. There are many kinds of 
sorghum which have never been t^'sted properly, in a strictly compar- 
ative way, ill sirup manufacture. Gardeners, grain and fruit growers, 
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and llorista know that the planting of certain varieties iei usseutial to 
success and there is a general agreement among them in legard to the 
best ones. Tlicro is no saoli general agreement among sorghum-sirap 
makers in regaid to the best kinds for their pnritoses, oxcopt that 
early-maturing canes, the Early Amber for instance, are best in sec- 
tions where the growing seasons are short. The writer obtained 200 
samples of sorghnm sirnp from twenty States, with statements in regard 
to the varieties preferred, soils, and methods ol" manufiu-ture used. No 
satisfaotory conclusions could be formed from these samples or state- 
ments. 

When varieties liavo boon clioscii for sugar or for sirnp niannlactin o, 
for graiu or seed production, for forage or for broom making, they 
may be much improved by the seleotion of seed ft>om the beet plants. 
Sorghnm responds quickly to ettorts made to imiirove it by the selec- 
tion of seed. It was imported from countries in wiiicli selections for 
quality of juice had not been made. In an undeveloped plant or race 
of animals the first improvement caused by selection is often rapid, 
and the last improvement is slow, as it nears the limit of improvement. 
When a plant is transferred to anotlier country, as was the case with 
sorghnm, it often varies to meet the new conditions, and thus new, 
often superior, varieties are produced. This is true of the apple, tlie 
grape, the chrysantliemum, and many other j)lants. The best ol' tliese 
for this country are American varieties which sprung from those which 
were imported. These are sometimes superior on American soil to 
those from which tiiey sjirniig on tli(>ir native soil. The same will 
doubtless be true of sorghum when selections have been made, as has 
been done with other plants. 

EXPEBIMENIS BY THE DEFASTMENT OF AGBICULTUBE. 

In till' years 1888-1893 the Department ol' Agriculture experimented 
in the improvement of sorghum cane for sugar manufacture by the 
seleetion of varieties and seed firom single canes of superior quality. 
In reviewing tlie results J)r. FI. W. Wiley, (Miemist of the D(>partment, 
said: "The data indicate most clearly a gradual, in some cases a rapid, 
improvement in a larger quantity of sucrose, a smaller quantity of 
^ncose, and in a higher pnrity." 

EXPESIKENTS BT THE KAHSAS STATE EXPEEIHEHT STATION. 

The Kansas (State Experiment Station also attempted tlie improve- 
ment of sorghum cane for sugar manufacture by the selection of seed. 
The results are stated as follows: 

The work in seed selection has beea in progreas five years and has been attended 
with a constant improvement in the quality of sorghum. Indeed, it seems that the 
pleat may be modified in almost any desired direction. 
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VARIBTIBS OF SOROHUM BBLBCTBD FOR BUOAR MANUFACTURB. 

Til (ivi- years of experimenting in improving viirictioH of soifibum for 
sugiir uiiinufacture five were selected which coutaiiied much more 
sugar in the jnice than the common canes. Sorghum has been and 
may be improved for sugar mannfactnre. It may also be improved 
for sirup manufacture. The varieties selected for sugar manafaotnre 
were: 

The Oollier, imported from South Aftica. It is the best or one of 




Tio. 1.— 8«d bead* of the Cnllidr variety afaorgbuin. 



the best varieties for sugar manufacture, having a very high percent- 
age of sugar and a low percentage of ghutose or nncrystallizable 
imgar in tlie Juice. It does not yield .seed ahundiiiitly, nor are the 
oanes large, averaging alwut a pound in weight. Though slender, 



13 



oauee of this variety are believed to be tangled, brokeu, or prostrated 
by wind Btorms leas often t^ic^n othor canes. There are some who 
believe it to bo one of the best varieties for forage. 

The Amber-Orange originated in a cross betweeu Early Amber and 
Emibrs Orange. This cane was tested for Ave years by the Kansas 
State Exi)orinient Station, .and was considered one of 
the best for sugar manufacture. . It does not produce 
seed abundantly. 

The Colman, also a cross between Early Amber 
and Kansas Orange, is generally preferred because 
it produces canes of good size, not tall, with juice 
of good qaality, and also prodace§ seed abundantly. 

Variety 161 originated in a cross between Early 
Amber and Link's llybrid. The caues are tall and 
slender, which is a fault derived from Link's Hybrid. 
It ripens rather early, much earlier than Link's 
Hybrid. Its Juice remains good, ordinarily, long 
after the canes are ripe, though standing uncut in 
the field. The juice has, on an average, as large 
content of sugar as the average Juice of Louisiana 
sugar oaue, and much less glucose or uncrystallizable 
sugar. 

P(>l(ier\ EnrJy is also a cross ^between Early Amber 
and Link's Hybrid. It ripens not long after Early 
Amber and remains good, standing uncut in the 
field, much longer than Early Amber. It yields 
more cane and more seed per acre than Early Amber. 
It is considered the best early-maturing variety for 
general planting. ■ 

The Bagflg Amber variety, a quick-maturing cane, 
i» liked better in the North than in the South. It is the best variety 
for early ripe cane or for late planting, and for sections in which the 
growing season ie very short. 



Fig. 2 Seed head of 

Amtwi.Oiamge tot- 
gbnm. 



KBBD OP STSTEMATIC SELECTION OF VARIETIES OP SORQHUM 
SUITABLE FOR SIRUP MANUFACTURE. 



It is believed that in Ave years of similar tests of all obtain- 
able varieties of sorghum, and of many crosses and variations, Ave 
varieties could be selected and developed wJiicb would be as much 
sujx rior for sirup manufacture as are the above-named for sugar 
manufacture. 

Those who grow cane mainly for the seed or grain have very gen- 
erally selected Kafir corn, a nonsaccharine variety of sorghum, as being 
the best for their purpose. The Dwarf and the Standard varieties of 
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broom corn, also nonsaccburine varieties of sor}j;huin, have been selected 
by mauufactiirers of brooms, as being decidedly superior U) all others 
for tbeir purpose. Those who grow sorghum for forage, for "stover," 
or **Toagliness," and also those who grow sorgham for simp mannfactore 
liave not yet learned wliicli kinds of aorgliunj are su|)(Mior for their 
purposes. Belectious for sirup uiauufacture should be made by testing 
on a small scale, in a strictly comparative way in the laboratory, all 
obtainable Viirictics, and by testing in a iiractical way tliose 

which seem best. Such experimental work would doubtless benelit 




7lo. S.— Seed head* of tbe Colman variety of aorKhom. 



fllOM who produce tlie twenty million or more gallons of sorghum 
irirap now produced annually in this country, and would also beueiit 
those who oonanme the simp. 

At the i)resent time, it is impossible to say wliieli varieties of sor- 
ghum are best for planting for sirup manufacture. Those which have 
been selected as best for sugar mannfaiitnre are not, perhaps, best for 

producing sini]). Tlic McLean variety, Ibr instance, is, by chemical 
analysis of tUu Juiue, unu of tlie best for sugar manufacture, but its 
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Jnice has often if not always an unpleasant flavor, and the sirup is of 
poor (iiiality. Varieties whicii are best for sugar uiiikiiig iin^ quito 
likely to give sirap which crystallizes or grains readily. This is desired 
by sugar makers but not by sirup makers. 

PSEFABlNa THE SOIL, PLANTnTG, AHB OULTIVAnOH. 

Sorgham is so extensively grown over a wide area, and in sacb 

(lin'orftiit conditions of soil and climate, that quite a variety of methods 
ol growiug the caues are employed. In tlie semiarid sections of the 




Pis. 4.— Seed beads of Folger's Ewly variety of sorghnm. 



West, wliere most of the sorghum is grown, the greater part is "listed." 
A double moldboard plow with a planting attachment is used to make 
farrows the proper distance apart for the cane rows, throwing up ridges 
between the ftarrows and planting the seed at or near the bottom of 
the furrows, considerably below the Icn-el ol' t he field. In some sections 
of the South cane is planted upo'n ridges, above the level of the field, 
in order to secure drainage. In other sections the land is plowed, har- 
rowed, and tlie seeds ))lantpd at the level of the surface. Those who 
"list" believe that method is, for them, the cheai)e8t way to prepare 
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the Bofl and plant the seed; and that it Is easier to onltivate the crop, 
the soil IxMiifj worked down to the canes by the ciiltiviitioiis, so that 
when the crop ia "laid by" the caues are on the level or are but 
slightly hilled. They also believe that this method ntilizes scanty 
rainfull better, tlie water flowinf? to tlie canes instead of away front 
tbeu), us happens when the canes are hilled. It is more difficult to 
keep the rows of oane free from weeds when planted above the level of 
the soil. Plantinj; the seeds at tlie level of the field is safer than 
listijig, because sorghum is small and grows very slowly in its first 
weeks, and when the seeds are placed below the level the plants are 
liable tn lie covered by sand or dust storms, or by lloodinjj rains. Sor- 
ghum should be planted and cnltivated as is best for corn in any given 
locality. More care is needed in the first cultivation to work close to 
the rows and to avoid injuring the "stand" by covering the plants, 
than is coiisiiU-i ed necessary for corn. 

The rows of cane are usually 3 feet 0 inches or 3 feet 8 inches apart, 
and, in order to give room for full development of the canes, the plants 
should be not less, generally, than 4 inches apart. There are few who 
"check row" sorghum and cultivate in two directions crosswise. There 
toe soote who prefer to have the rows 4 feet apart and to have the 
cttnm 6 inches apart in the rows. In the West, thinning the plants 
to a proper stand is seldom done, rsually. lliiuningis insutliciently 
done and the canes are too close together for the best development. 
Bnoh canes suffer more from drought than when rightly planted. It is 
believed that iiothiiij;' is '•aiiied by very ciu ly planting, and that it is 
better not to plant until the soil is warm and the weeds have started. 
In the West, two or three cultivations are usually giyen. Oane seed is 
often imperfectly clciiiied lor planting'. No planting machine is known 
which plants trashy sorghum seed correctly and regularly. The tibrous 
Btems and imperfectly thrashed seeds remain in the seed box and 
hinder proper dropping of the seeds. It is better to pan" the seeds 
when planting, as gold diggers in placer mining "pan" earth ami sand. 
By giving the pau asliaking orwliirling motion the clean cane seed set> 
ties to the bottom and the trash is then readily removed by baud from 
the surface. When sorghum seed is of mixed varieties which ripen at 
different times, the canes jjrodiu ed are often unripe, ripe, and overripe 
iu the same row. After the caues have been harvested, examination of 
the stabble often shows that if there had been fewer vacant spaces in 
the rows, fewer places where the canes were too far ajiai t or too close 
together — that is, if more care had been takeu iu the planting aud in 
the cultivation — a much larger yield of cane of better quality for sirnp 
manufaetiire conid have been had with no additional exjiense. When 
the cultivation is done at the right times it is often much more etiective 
and more easily done than when done at other times. It is not as easy 
to plant sorghuui so as to yet a fjfood stand or to do tlie first (iultivation 
well, cleaning the rows, without injuring the stand, as in growing corn. 
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Dropical sagar cane is usually harder to grind than Louisiana sugar 
oane. The latter, though much larger and harder than sorghum cane, 
gives better extraction of juice. A ton of average sorghum ciiiio muy 
be made to yield 20 gallons of sirup. It usually yields from 10 to 12 
gallons. Where cane is cheap and abundant it is often cooaidered' 
iiiiulvisable to greatly iiicreaso the extraction of Juice l>y exoesriVQ 
pressure of the canes. Juice obtained by moderate pressing is pocnr 
than that obtained by extreme pressare, for this extracts not only 
nioic juice, but also more im])urity from tlio hIicII and the Joiiils of the 
caues. With limited power, a. larger (juantity of sirup can be made in 
a given time ftom moderately pressed cane than fh)m a less quantity 
of cane subjectod to greater pressure. Hut there is generally much 
unnecessary waste of juice in grinding sorghum cane. Tlie rolls often 
need to be " turned" — that is, redaoed to even diameter, the bearings 
need babbiting, and the rolls need to be properly adjusted to each 
other. The "feed" — that is, the amount of cane in the mill at one 
time — should be light or heavy according to the adjustment of the rolls. 
When the rolls are set " open " the feed should be heavy ; when they 
are set close together the feed should be thin, or light; but in both 
oases the feed should be regular and uniform. It is evident tbat when 
the rolls are set "open", or apart, there is waste of juice when the feed 
is light, and also that canes can be well pressed though the ralte are 
not set close provided the feed is heavy. 

HORBEPOWBR MII.I.S. 

VVlieu a horsepower cane mill is set up higher above the ground than 
is necessary, a part of the power of the horse is uselessly expended in 
twisting the " sweep" or lever. If it be set too low, it is inconvenient 
for work. The cap — that is, the casting to which the sweep is attached — 
should be about GO inches above the ground. Tiie hitching point of 
the sweep should not be much above or below that us.ed when attach- 
ing a horse to farm implements. A doable sweep — ^that is, two levers 
opposite each other, having an evener or e([ualizer of rope, wire, or 
eboin, passing over the double sweep — is better than a single sweep^ 
having two horses working together. It is better to have the circle or 
path traveled by the horse of not less diameter than 25 feet. A hori- 
zontal lever or sweep, such as is used in miners' hoists or " whims," 
seems much better than a curved sweep, the lever being less in the 
"Way of tlio work. The horse works under the sweep and is attached 
Iligh up, only a few liniss of chain being used for traces, hence tliere is 
less loss of power. But such attachment is more expensive in first 
cost. A stiff sweep is said to do better work than one that is flexible. 
A iirst-ciass mill, well adjusted and properly fed with cane, is usually 
16127— No. 00 ti 
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cheupDi- and more oft'ective lu the lonp^ ruu tliaii -.i cliciip mill which is 
carelessly operated. 

It is said that, for hoxsepowM', vertical luills wliicb permit the sweep 
to be directly attached to the shaft of the main roller, cost less, require 
less power, last longer, and get as good extraction of juice as mills 
baying horizontal rolls. A fonr-horse mill is as large as is profitable 
for horsepower. Larger mills should be operated by steam or water 
power, Tlie separate lioi sei)()wer cane mill seems to require a large 
excess of power. Two horses, or eveu oue horse, can be used ou a four- 
horse mill when desired. It is convenient to use a four-horse mill, 
gi'iiuliujj cane and scttlinfj tlic Jiiier in the (nrenoon, (^vajjoratinfj tln^ 
settled juice to sirup iu tlie at'teruouu — uot griudiug caue theu — giviug 
uaple time fbr well settling the jaioe, and making night woi^ nnneces- 
sary. As much sii'up can be produced in this way with tlie same help 
as oau be x)roduced witli a small mill which grinds cane all day, fin- 
, ishes often in the night, and gives too little time for proper clarification 
<tf the joiee. 

OUJOFYISQ THE JUICE. 

Tn modern manufactures there is a marked tendency to t1ie use of 
complex processes iustead of the few aud the simple ]irocesses w iiich 
were formerly used. The manufactnre of flour, for instance, was for 
thousands of years a very sim])le matter. Now a flouring mill is a 
fiKStory filled with machines, each performing a part and having a jmr- 
! Heeeunthouglit of in old times. In tln^ manuraclniv of sugar-refinery 
airnps, and of glucose, and in purifying beet juice for sugar maun&o- 
tnre, as many as ten clarifying processes are often used. In the manu- 
facture of sufiar from sutjar can(^, alMion^li that is a I'oniparativi'ly simple 
matteTi the juice is purified in more ways than it is iu the manufacture 
ef simp. Bugar-eane juice is filtered once, sometimes twice; beet J nice 
is generally filtered twice, sonn'tinics three or even four times. Sugar 
makers and refiners use all known efl'ective processes iu clarifying their 
^uldB, yet they have not so impure a liquid to deal with as sorghum- 
sirnp Miakcis. Thcdr products art; superior and (heir manufacture is 
successful, because they employ many processes iustead of the simple 
processes which are used in sorghum-sirup manufacture. The question 
is often asked. What can I put into sorghum juice so as to make good 
urupt No single jtrocess is known which will remove all undesirable 
substuiccs from sorghum Juice at oue operation. It is said that as 
many as fifty substtmces have been identified in beet juice. Probably 
sorghum juice is as complex. It contaios a larger perc^entage of veg- 
etable impurities than beet juice. 

It contains several classes or kinds of impurities. Clarification of 
tiie juice is a process of subtraction, removing the various classes of 
impui itics by different methods. The nse of liinc, nentrali/.ing natural 
acids contained iu the juice, helps to remove some of the impurities, 
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while heat coagulates others. iSonie ol' thuni aw. liyhtcr than tha juice 
and rise to the surface, and may be removed by skiiumiug. Other 
impurities are heavier than the juice and settUi, and may be removed 
by drawing off or decanting the clarified Juice, leaving the sediment. 
Some neither rise nor settle, and can bo removed oidy by adding 
albuminous substances, such as milk, blood, white of egg, etc. These 
coagulate in the liquid and rise to the surface, bringing up the impuri- 
ties which were suspended in the. Juice, and which may tlien be removed 
by skimming. Suspended impurities may also be removed by weight- 
ing them with clay, or other suitable substances, which causes them to 
setth>, after which the clarified Juice can bo remo\ e(l by decantation. 
The suspended impurities may also be removed by filtering, the lilter- 
ing mftterial allowing the jnice to pass through, but restrsiniBg' the 
solid matters contained in it. When all of the solid impurities con 
tained in sorghum juice are removed by skiuuniiif;', by settling, or by 
filtering, there remains a class of impurities in solution, and which can 
not be removed by mechanical means only. When those which are in 
solid form and those which are in solution are well removed, tlie sirup 
which is produced is fully equal to any cane sirup in the market. Im- 
provement in the quality of sorghum sirup is to be looked for in the use 
of efflcient processes for removing the solid impurities, and, also, the 
iuipurities in solution in the juice, thus producing a finished flrat-olais 
table sirup. 

THE USB OF LIMB. 

Nothing- has been fomid better than lime for neutraliziu};- Iho acids 
contained in sorghum juice. It is used by all cane-sugar and beet sugar 
makers and sugar refiners as a necessary means for clarifying th»W 
liquids. The use of lime in sorghum juice is, in some respects, quite 
unsatisfactory. The juice is always acid, sometimes strongly acid. 
Simps containing all of the acids naturally iu sorghum juice, con- 
centrated by evaporation, from 0 to S gallons of juice to 1 s'allou 
of sii up, ai e too acid to suit tlie great majority of sirup users, who 
are accustomed to the mild, neutral sirups made by refiners and mix- 
ers. The acids also hold impurities of the jnice iu solution, so that 
these can not be removed. Proof of this is seen when sorghum juice 
is limed until neutral — that is, neither acid nor alkaline. A part of 
the impurities then becomes solid. By adding acid to the juice these 
solid impurities redissolve and go into solution in the juice again. 
But lime not only neutralizes the acids; it also attacks and degrades 
other substances in the juice. A large quautity of lime is used in 
beet juice without harm. A larger quantity can be used in sagnar- 
OWie juice with less harm than can be used in sorghum Juice. When 
a sample of sorghum juice is limed to excess on a cool morning it is 
seen that the juice is not discolored when the temperature is below 
89° V. It becomes slowly discolored when the temperature rises above 
60°. it is rapidly discolored above 80°, and is instantly discolored at 
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the builiug imut. Tlus seemu tu iudicute tliut it is better to liuie tlie 
jniee when cold. Lime changes by keeping, losing strengtb by absorb- 

ing Ciirbonic-iicid giis from tho air and foriniiig more or less ciirboiiato 
of lime. Lime is but sliglitly soluble in water. Seven buudred pounds 
of Wirter dissolve 1 pound of lime, and it does not long remain in 
snspoiisioii ill water, so that the phrases "milk of limo" or "cream of 
lime'' convey an iiulcliiiiio idea of the amount of lime contained in tUo 
n^ilid. Oominon limo is also often made from very impure limestone. 
As has already bo(Mi said, sorghum juice Viui(^s greatly in dc^greo of 
ticidity, soinetinies r('([iiii iiig much more limo tlian at otiier times. l''or 
these reasons it is not possible to form a general rule for liming sor- 
ghum jnioe, except that after tho jirocess the Jaice should always 
slightly redden a strip of bine litmn-s paper which has been immersed 
in the linicd juice. This indicates that tht$ juice ia still slightly acid and 
tbat too mnoh lime has not been used. It is unsatisfactory to use too 
little lime, difficult to use the proper quantity, and the sirup is injured 
when too much is n.se.d. Wlicii too little, limo is used, tho clarifica- 
tion is imperfect, the juice is gummy and can not be filtered, and the 
Rirtip has a more or less rank flavor. When lime is rightly nsed, a 
larger amount of impurity c;iii be, removed by skiminiiig iind settling 
and the sirup has a pleasauter flavor and keeps better. The proper 
liming oi sorgbam juice is so difficult that most sirup makers do 
not jiracticc it. Tho few who do take <Mre to employ too little lime. 
This practical dilliculty in properly neutralizing the acids in sorglium 
jlAob has long stood in the way of progress in simp man ui'acture. The 
oieof lime or of an equivalent substance appears essential to the pro- 
duction of au improved quality of sirup. Glucose makers have asac- 
ohariueliquid containing dilute acid which it is neoossaryto neutralize. 
They can not use lime, because quicklime injures their liquid, as it also 
iiynres sorghum juice. They remove all traces of the acid by adding, 
at intervals of ten or lift ecu minutes, powdered carbonate of lime, lime- 
stone, marble, or chalk, iu small quantities, stirring the liquid slowly 
and oontinnously fbr a considerable time. If its action should be the 
same in sorghum Juice as it is in glucose li(|uoi', tln'ro would bo very 
great advantages iu using carbonate of limo instead of free liiue. it 
is eheap, used in excess it is not harmful, and it does not give simp 
the flavor which limed sorghum sirii]! has. It do<'S not c.liaiigo by keep- 
ing, and the acids could, iiraclically, be more perfectly neutralized than 
can be done by caustic lime. Until further experimental work has been 
done, sorghum sirup makers should use lime sparingly, about a pint of 
milk of lime (not cream of lime), like whitewash, iu .50 gallons of juice. 
The Umed juice, after thorough mi.xing, should slightly redden a piece 
of litmus paper.* It seems preferable to lime the juice before heatiug, 

'Bed and bine litmus p.-iper can generally be purchased at drug stores. Alkaline 
Uqiiida, aa lime water, tuiu red litmus blue; aoid liquids, oa yinegar, tun bla« 
litmus red. 
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SKIMMING, SETTLING, AND FILTEEINQ. 

As a rule, aorghum-sirup makers are careful to remove by akimming 
the impurities wLich rise when the juice is heated, but are not careftd 
to loiiiovc^ by settling tlio beavier iiiipuiiticH, and they never remove by 
tlltratiou those which neither rise nor settle, but remaiu suspooded in 
the joioe. Oane-sngar makers, beet-sugar makers, glucose makers, and 
suj^ar refiiuTS, brewers, cider and wine makers, all i)ay nmcli more 
atteution to settliug and iilteriug. tiugar makers aud rehuers have 
reason to 'hnny their processes, since sngar becomes more or less 
uncrystallizable by long staiidinf;; bnt tbey nevertheless take tilBS 
enouf>li to settle and to lilter their liciuids well, luversion is notdetti- 
mental iu sorgbum-sirui) manufacture, sincte it hinders the sirup from 
crystallizing. There is a very general impression among sorghum-sirup 
makers that itis necessary to" rush the juice." Thereverse is true before 
heating begins and until fermentation threatens. There seem to be 
advantages in settling the cold juice aud removing starch grains, slime, 
and suspended matters at first instead of cooking them in the jnice. 
There are some impurities in sorglium Juice which are insoluble in 
cold, but become soluble in hot juice. Starch is one of these impuri- 
ties, and it is believed that the soluble starch formed when starch is - 
heated in t1ie Juiee gives a i)eeuliar llavor to sorghum sirup. Horglium 
juice often does not settle well, either when cold or hot. The impurities 
which the simp maker leaves in the simp go to the table of the eon- 
sumer. It seems apparent that the way to improve the quality of 
sorghum sirup is to treat the juice so as to cause the impurities to - 
become insolable, and xwrmit easy filtration or good settling. Thaa 
skim off the lighter inii)uritie8, settle out the heavier ones, and remove 
tl)0se which neither rise nor settle by weighting them, so as to cause 
them to settle, or by adding some substance which coagulates and 
causes them to rise, or by filtering th(\jiiice. At present the sirnp 
makers generally have only the simplest appliances. They can nseonly 
the simplest processes, and only those piocesses of clarification will 
be discussed here. 

The most efficient means for clarifying saccharine liquids known con- 
sists in adding to tlie cold juice some li(|uid substance which coagu- 
lates or becomes solid by heating, aud then heating the mixture. 
The particles of solid substances which are thus formed attract and 
adhere to the suspended matters, and both the added substance and 
the susi)ended matters may then be removed; or in adding two 
snbstonces which combine in the liquid and form a solid compound, 
the particles of which also attract and adhere to the solid impurities, 
so tiuit Ijotii may be remo\ed by settling or filtering. Beet-sugar 
makers all add lime, then inject carbonic-acid gas into the juice, 
forming solid carbonate of lime, which is insoluble and which greatly 
assists in the removal of the impurities. The addition of lime and of 
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carbon if-iicid mis in made twice, somctiinos three times, to beet juice. 
At present this nietbod of clarifl<;ation, vbich is go saccussful in 
clarifying beet Juice, is not ]iT ii( ti< ;il)le in soi jili urn sirup maunfactare. 
Caue-sugar makers and siif;ai reliners often add lime and superphos- 
J^tileof lime to tbeii' liquids, forming solid pliosphate of lime in the 
juice, which attracts and adheres to the solid 
imptirities of the li(iuid, so that both may be 
removed. Much work has been done on this 
process iu Borfjluiin manufacture. It greatly 
increases the \ of the juice, but it requires 
care. If too much lime be used, the siriq) is in- 
jured. If too much superphosphate of lime or 
acid phosphate of calcium, as it is sometimes 
called, bo used, the impurities of the jui(!e redis- 
solve, the liquid is cloudy, uud the sirup is too 
acid. 

0LA7IH0 THE JXTIOE. 

The simplest practicable way of partially clari- 
fying sortjhnin juice known to the writer con 
sists in adding clay to it in order to weiglit and 
carry down the suspended impurities which do 
not rise as sonm, and which settle slowly or uot 
at all. This process is not new, having been 
used many years ago in sugar caue and in sor- 
ghum mannf'acttnre. It is an imperfect process, 
bnt when properly applied it gives better sirup 
than merely ixiiliiig and skimming the jniee. In 
an extreme case, sorghum cane takeu from a pile 
in April gave impure, strongly acid jaice, the den- 
sity of wliich was 18° Brix. When limed, the 
density was 18.5° Brix. After clay had been 
added and well mixed with the jnice, the density 
was l.'l'^ Hrix, and allcr settling the density was 
I'l ' lirix. Witliout the aid of heat the process 
had removed one-sixth of the total 8(dids of the 
jnice. This process requires th(> use of a suita- 
ble clay, sullicient time for settling, and projier 
care in keeping the settliug tanks clean, sweet, 
and ilree from fermentation. The use of lime, 
when not in excess, is an advantage, but is 
not essential. It piomotes the sejwration of the impurities of the 
juice and idso facilitates the settling of the clay by causing the 
particles to ''floocnlate;" that is, to adhere together and form -com- 
pound grains wliieh settle mort( readily. TTsually a fair (piality of 
clay can be fuuud by testing clays from diU'erent localities. It often 
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varies much, in respect to the Unenessof the grains, within a sin nil range. 
Some clays have particles so small that they settle very slowly, leaving 
water cloudy for days. Such clays are, often almost impervious to 
water and are chosen for making embankments or dams, but require 
much longer time In settling from sorghnm juice than coarser grained 
days. The best clays for settling. juice seem to be the brown, yellow, 
or gray varieties, neither too flue nor too coarse grained, and when 
sand is present larger quantities shoald be added to the juice. Many 
clays consist of a mixture of fine and of coarser grained clays. The 
coarser particles setttle iirst and the finer particles last, the juice 
being cloudy longer than wbeu clay is used which contains ojUy the 
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coarser grains. Some clays are of grains of uniform size and such 
settle clearly, the line between fhe clear jnice and the settling clay 
being clearly defined. With such clay the liquid at the surface can 
be drawn off while the juice a short distance below the surface is still 
settling; for the settling is complete so far as it has progressed. Ten 
pounds of dry elay, free iVom sand, is usually snilieiout I'or i;;illo\is 
of juice, though more may be used. It is well to moisten the clay a 
few days before using, so as to soften hard lumps, and also to mix or 
work tlie clay to the consistence of thin mortar in a box similar to 
that used in making lime mortar, it is theu distributed very quickly 
«Dd evenly in the juice. After adding the elay the jnice should be 
itirred until the foam becomes white. Theu the juice should be left 
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to settle. Wlieu cold, raw juice is treated witli clay, three settling 
tonka are needed; one tank being filled with Juice Irom the mill and 
one tank used for scttlinj,', while the drawing oil' of the clear juice 
goes on in tliu lliird. i''ig. (i represents an arrangement of settling 
tanks, AAA for cold settling. Wlieu lime is used, aboat a pint of 
milk of lime of the consistence of whitewash is put in one of the 
•^tlinj; tanks, which is filled, or partly filled with juice, for each 50 
galluus of jaice contained in tbo tank and well mixed with the juice. 

The thin clay mortar is then added and is also well 
mixed with the juice, stirring until the foam becomes 
while. Tlie Juice is tlien left to settle, and the same 
process is used Icr the second and for the third tank 
as soon as each contains enough jnice. When settled, 
a swinji iiijic 1! is turned ]iartly down so that its upper 
end is below the surface of the mixture. The settled 
jnice near the surface is then drawn off, leaving the 
turbid liquid and sediment. If desired, tlie sediment 
may be emptied through the washout plug D into a 
tub beneath the settling tank, where it may be re- 
settled. The settling tank slionld then be washed 
well ill order to avoid fermentation, and it would also 
be well to rinse the cleaned tank with clear lime 
water. After turning up again the swing pipe B 
and rei)laciiig the washout plug D the tank is again 
ready to be filled. 

It is often difficult to see how far settling has pro- 
gressed in the tanks so as to know how far the swing 
pi))0 can bo turned down withont drawing off unset- 
tled juice. A glass tube, 12 to 18 inches long, haviug 
not more than a quarter of an inch bore, held in a 
vertical position and inserted cantioiisly. so as not to 
disturb the juice until it reaches tlie bottom of the 
settling tank, the upper end of the tube being then 
closed with the finger, on being withdrawn from the 
liquid gives a section of the juice as it is in the 
settling tank and "shows how much clear juice may 
be drawn from the top, as illustrated in fig. 7, a. Or 
a tall bottle of clear glass may be filled with clayed juice as soon as 
ttu) clayed jnice is lelt ti> settle. The settling will go on in the bottle 
Sesame as in the tank, aud will show the proportion of settled juice 
)n the tank, as in fig. 7, b. 

Except iu ((uite cool weather, it is not well to letjnice stand over iiinht 
or to leave the tanks uucleaued at night. It is well to give the juice 
])1enty of time to settle -sometimes one hour is enongh; sometimes 
more is vc(|uircd. The kind of clay, the density of the juice, and the 
teuiperaluru iullueuce the time rc(^uired lor suttliug. 
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TliBre are some persous who prefer hot clarification of clayed juice. 
The prooeiSs is the same as in cold olarifloation, excsept that the juice is 
first heated to near the boilinfjf point, the blanket of scum is removed, 
and the hot liquid is then clayed and settled as before, as shown in 
fig. 8. The clearing of hot clayed jaice takes leas time than that of 
cold. The wiiter prefers cold elnrificatioii, and, still better, both the 
cold and llie hotclearini;', clayiuj^- ilio Jiuce twieo, the juice being clayed 
and cleared cold, as shown in fig. G, then heated, clayed, and cleaned 
again, hot, as shown in fig. .S. As both clearings go on at the same 
time but little more time is required than lor either cold or hot clearing 





Fio. 8. — Sottlin^x taiikH I'or lint, cliirilical inn. 



alone. The simp from juice which was settled cold, also hot, having 
been clayed twice, is better than that obtained from one settling, and 
very iiiucli better than that obtained from juice which was merely boiled 
and skimmed without settling. 

SETTLIITO TANKS. 

Shallow settling tanks seem best. Tlie jniee settles sooner and more 
closely to the bottom than in deep tanks. Tl\ey are clieaper, and also 
easier to clean. Galvanized sheet iron usnally comes in sheets S feet 
long and about .'30 to ;}0 inches wide. By making a box the exact size 
of the sheet iron, from boards 14 or 16 inches wide, and nailing the 
sheet iron on for the bottom, a cheap and 8ervice;\ble settling lank 
is had, holding 150 gallons or more of juice. In nailing the sheet-iron 
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bottom ou, it in better tu drive the naila far apart at first, then divide 
aild rabdivide the spaceH by nailing, and not to begin nailing at one 

point iviid nail closely around. The reason for this is tliat each nail 
stretches the iron a little, and when the stretch of the iron is all at one 
place a bag, or bad place, is found at the finish of the nailing. The 
washout ojKMiin^' !», (>, lor clcaninff the t;iiik, is aliniit "2 inches 
sijuaro, tai)i'riny a little, from tlie outside, hcin^' a liUle smaller on the 
inside, with a well-fltted plug. The swing pipe B, fig. 0, is a contrivance 
for drawing the liquid from the surface. It consists of a piece of 
l|-iueh pipo about as long as the settling tank is deep, a Ij^-inoh 
"elbow," and a "nipple," or short piece of IJ-inch pipe. When con- 
nected to^'cther these three pieces form a right-angled pipe, the short 
arm passing through one end Of the settling tank as closely as may be 
to the bottom. The longer arm is free to turn in the elbow, and, when 
upright, extends above the surface of the juice iu the tank, so that the 
joice does not escape through the pipe. When the longer arm of the 
pipe is turned down until its upi)er end is oi)cn to the Jniee at tlio surface 
the clear liquid may be drawn oil' without disturbing that below. By 
toining the long arm of the pipe D down level with the bottom of the 
tank A nearly all the Juices flows out. It may 1)e drawn oil" with this 
mnch better and more closely to the sediment, without disturbance, 
titan ean be done by pouring or dipping out the settled juice. 

It is better to have the swinfj pipe and the washout plug on one end 
of the tank. It is well to have tlio opposite end of the settling lank 
an incli higher than the end which contains the swing pipe and the 
washout plug, so that the settled juice may nearly all be drawn oft' 
down to the sedinunit, care being taken not to draw it oft' farther than 
tthas set I led. It is not best, to make one end of the settling tank so 
much higher than the other that the sediment will flow or glide to the 
lower end when drawing off the juice. The sediment should remain 
where it settled on the bottom, the clear juice draining from it to the . 
the swing pipe. 

It would be well for those who wish to test the cold settlin g or the hot 
scttliiij^, or both settlings of clayed Juice, to (I'y the methods in water 
or iu cane juice in a small way. Or, preferably, to dilute a pint of infe- 
rior itlmp by adding 5 pints of water, claying, settling, and jwuring off 
the settled li(piid and evaporating 'f to sirup, and compare it with the 
original simp. Iu this manner may be noted the dillerences iu clays in 
settling quickly, closely, and well, and also the improved clearness of 
the simp. 

EVAPORATING. 

There is ]ie,raaps no better evaporating pan for small sirup factories 
than the old '-(look pan," in which thejuice enters the pan at the lire 
end and passes continuously bai^k and forth, in channels, aciross the 
pan to the Unishing end. The ledges of this pan serve to keep the bot- 
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toil) nearly level, which is an advantage, for it cnablos tlie operutor 
to evaporate a thin slieet of Juice instead of a larger (iiiaiitity. If it 
were possible to evaporate a film of juice one-fourth of an inch deep 
without burning, it "would produce better sirup than would be made in 
ii pan ovapoi atiiig a sheet of juice .3 inches deep. The evaporatiou of 
Ulms of liquid is now becoming common, even where the evaporation 
is done in a partial vacuum, at low temperatures. When the jnice Bas 
been well elarilicd miicli less skimniing is required diiriii';- tlie evapora- 
tion, and good sirup can be made in a plain pan which can be removed 
from the heat as soon as the evaporation lias been completed. 

STTPEBHEATINO SOSOHUM JUICE. 

This method of clarifying seems to promise ranch for sorghum-sirup 
makers. It is based upon the theory that a higher heat than that 
which is now nsed in clarifying juice, coagulates more of the impurities 
of the jnice; that is, it gives a better clarification. In open pans t!ie 
tcmjierature can be raised no higher than the boiliiig- point of tlu* liquid, 
for heat passes off in steam, but in closed vessels under pressure, the 
steam is retained, and the juice may thus be heated to any desired 
decree. When juice is heated, some of the impurities rise to the sur 
face when the temperature reaches 150° V., more rise at 180"^, and still 
ncnw rise -when the temperature reaches 212°. It is said that when 
8Bgair>oane jnice is heated under pressure, that is, when it is super- 
heated to 240° F., which is about the temperature of finished sirup 
when boiliiij;' in open pans, it is clariHed better, gives no scum, settles 
more readily, and filters better than juice which has been heated to 
8120 F. only. It is said that the juice of sugar cane from new, rich, 
moist land is often impure and dinicult to clarify, resembling sorglium 
juice; and that such juice is better clarified by heating it under pressure 
to a still higher temperature, as much as 270° F. It is also said that 
tills process is now successfully used in Mexico in small factories 
which work 50 tons of cane in a day, and also in sugar factories in 
Louisiana which work 1,200 tons of cane a day. It is further stated 
that 44 sugar factories in this and in other countries are now using this 
new method of clarifying sugar-cane juice. High heat accomplishes 
some things which low heat fails to do, and this method, superheating 
the juice, may give better clarification of sorghum juice. It should 
be well tested, in an experimental way, in sorghum-sirup manufoctore. 

SUMMARY. 

The subjects discussed in the foregoing pages maybe briefiy sum- 
mari/.ed as follows: 

Sorghum is more extensively grown in this country than any other 
sirup producing plant. 

Its juice can be made to produce sirup of as good quality as sugar- _ 
cane sirup, or molasses. 
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The manufaftiiie of sorghnm siriip Ims diclined tluouj^liout tlie 
country becauae the ciiiality of the product is such that other sirups are 
preferred by the general public, since it ranks in the Northern markets 
with tbe middle grades of Louisiana centrifugal molasses. 

By improving tlio quality of sorghum sirup the demand may be 
increased, its value raised, and its manufacture extended. 

Improvementin the (juality of sorghum sinij) may be made by select- 
in}; Vivrieties of sorglmm which arc best adapted to sirup manixfoctare, 
and also by clarifying sorghum juice in more etlicient ways. 

Improved methods of oUrifyiug sorgbnm are needed in all sections 
\vlii re s()r<;hnm is grown, but are specially needed in the semiarid sec- 
tions of the West. 

The planting and onltivation of sorghum should be snch as to allow 
fhD development of tlie ciuies. 

In grinding eano unnecessary loss of juice may often be avoided by 
the proper adjustment of the mill. 

The quality of sorghum sirup is determined by the more or less 
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perfSBct separation flrom the juice of the impurities which are solid and 

of those \v1iicli are in solution. 

Tiie uuithods reeonunonded are cold settling of raw clayed juice, 
with or without lime, or settling the heated juice with clay, and with 
or without lime. Tlie method preferred is to settle cold, limed and 
clayed juice, draw off and heat the settled juice, clay and settle it, and 
again draw it off, then evaporate it. These processes are clearly shown 
in fig. 9, the raw juice being limed, clayed, and settled cold in settling 
tank A, the settled juice being drawn off by the swing pipe E into the 
juice heater B, wlien^ it is heated to near the boiling ])oiiit and skimmed; 
then drawn olf by the swing pipe F into the hot settling tank 0, 
where it is again clayed and settled, and the dear juice drawn off by a 
swiii;;- pipe (1 into tlu^ evapoi'ator or receiving tank D. The clarified 
juice is then evaporated to sirup. By this method most of the solid 
impurities which were in suspension in the juice are removed. 

In fig. 0 the tanks A, B, C, and D illustrate simply the principle 
of transferring the juice by gravity, in practice the tanks U, (J, and 
D are separated from A and are supplied with a source of heat, either 
steam or open fire. 

Evaporating the juice is best done as sliallow as possible without 
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burning. It should be done (juickly, iind the wirup sliould bo cooled 
as soon as possible. With well clarifled juice good sirup cau be made 
ill ii plain pan, which may be removed Irom the fire when the sirup. :||( 
liiiished. 

Sirup, or rather seniisii iii), so made cau be further clarified by an 
additional process which refines the semisirup by removing imparities 
in eolation, so that it is eqnal to the h%st cane sirttp^ 

The additional processes of clarificatioa require further practical 
experimental work to adapt them to the use of those who manufacture 
sorghum sirnp on a small scale. It is believed that a proems for 
removiiii; the iini)urities in solution in the jnice, after the Mlid impiixi- 
ties have been removed, may be developed, aud that the process mi^ 
be adapted to those who manufacture sirup on a small scale, so that 
they iiia\ produce a finished and first-class table sirap &ee from sor 
ghuin llavor. 

LETTERS FSOM REPRESENTATIVE SIBUF UAKERS. 

Mr. 8eth II. Kenny, of Minnesota, a sorghuin-sirnp maker of forty 
years' experience, states: 

I have grown tlio Mimie.sota Early Amber eighteen successivu suosons. We make 
10>000 to 15,000 gallons of Biiap yearly.' We grow cane, and also buy 1,000 to 1,200 
tons yearly, at $2 per ton. Last season the average nniiiber rtf galluAs of sirup made 
each day of ten houit waa 416. In a preyiQiis season we made 15,650 gaUons ttom 
94 acres. The average oost of growing cane and hauling it half a mile to the miU 
was 10 eeats per gallon of simp manufactured. The average cost of making the 
ilrnp was 9 cenlba a gallon. Two pounds of seed are required for an acre. The 
pluiits slimilcl lir tliiiiiHid. It i.s important to ciiltlvati- ciiiui well wliou siiiiUl. When 
tlio Nc(!(l licncls to tiu'ii liniwii 1 beijiii to grind. I cut cano tweiity-l'oiir to forty- 

i'it;lit hours iili(>ad of my wants. 1 know nothing liottev tlian lime I'oi- ildVca I ion and 
thti I'ortcT Mtiani ])aM for ovaporalion. Tliolimo in alioiitns tliic,l< aH white wasli "wlion 
used. Aliout 1 i|nartol' tliin milli ol' Umo i.s nscd in cin li IIIO gallons ol' ,jiiic(!. A 
good 8iriii> cau bo made without Uino — and jirolialily ninotecn-twontii'tlis is manu- 
factured iu thjs way — but tlic uso of a qnart of jnilk of lime in 100 gallons of .juice 
is preferable. The use of lune at the right time, in the right place, and in tlio right 
quautity leqnireB sktU. It is neoessKry to bring the juice nearly to a boil; skim, 
dsawoff into the evaporator, boil rapidly, and cool the simp quickly.' The latter 
•boold weigh 11) to 12 pounds per gallon. The pan should be well cleaned once a 
day. The tanks, etc., sliould lii' c'loan and swoet. 

Abstract from the letter of Mr. 0. M. Schwarz, of Illinois, a sirup 
maker of forty years' experience : 

I visited a sirup mill last t all. 1 Ibund tlio same operations as forty years ago, and 
sirup of tlie same appearance, but not so good in quality. Canes from tlio si/.o of a 
pencil to that of one's thumb, some greou, somo rijic, wore used. 
- The stores take the sirup in exchange, and do the best they can with it. Think 
what the beet would now be if it had been treated as sorghum has in the past forty 
yens. 

My most successful method of manufacture was to pass sulphur fumes into the 
cold juice a short time iu the defecators, thon harry the boiling. The work done by 
the Oopartinent of Agriculture in improving varieties of sorglmni produced wonder- 
ful results, as I found by )ilant iiig tlm iiii proved vanetios. I nsod the Cook evaporator 
twenty years. Thoro are no better uvapuraturs, but a lioater or defecator should 
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alsobeiued; and let the ovaporator be made uf copper. Thesirnp maker can niitain 
sheet copper uiiil iiinlic li'm owu pan. The iisci of (^(i|i)icr savrs trnulilr in c li Miiiiig; 
it Bavcs fnel, and licNidos, a bright pan pnnliicoH a IxittiM' Nh up. 'I'lio iisii nl' < l;iy lias 
been well Hpukni dI'. It never was a bui'I'Ckh with uw. II ie<|uires many tanks. 
The buHt way to Hettle eukl juice U in a long trou{;h lua<liiij{ from the mill, no 
arranged as to hoUl back lloatiug matter and sediuent. It ahoiild be washed out 
twice a day. All settling devices wUcb require time are bad; fenneutatiou sets in 
•oft Ihe rimp Is rapy. 

Densinunt ISrotbers, of Minnesota, who have experimented inach, 
state in their letter: 

GomI defecation \» important; evaporation affords no remedy for poor delei^ation. 
As it conHH fi'iiiii the mill the .jiilcu is I'lill of inipiirltics; wbatnv ei' of tliiisi' J riiialii 
in till' sirup aflVol. its qnality. Many sulistaniii'M have lircn Ii'IcmI in tin- lU I'c i al iciii 
lint tlio invarialde conolnsion is a rotiini to linii'. 11 neutralizes tlic ai ids iiiid ruts 
the gummy matter. It is a noceBsity to reiiiovn iiii|iiiriti(vH IVoiii the .jiiiue ln'l'orii 
evaporation begins. In defecating, the juice slioiild be hi'ate<l to m ar boiling, then 
the heat Hhonld be shut off and the impuritios be allowed to sejiai ate as gum and 
sediment. Three defecatom shouid bo used; one being lilled, onesi t tling, one being 
drawn from. An automatic swing pipe drains the Juice from near the surface to the 
evapffimtar, where there is a ralve for regulating ti>e snpply. When not in nie the 
■wing f ipes ue turned np to AiU height, ao as not to act. The outlets ficomllie def- 
•eatttra all connect with a pipe which ctrnv^ys Jniee to the evaporator. Sorghum 
simp Is &r behind the times, and it will not be satis&otory until sirup makers use 
np<to.4ate methods. 

Mr. J. P. Wherry, of Missouri, writes as follows: 

'I'be lirst time I tiird day was in a lm(.'l%cllnl uf jniiii witbonl lime. It settjod 
nicely, and 1 used (day lor some tinii' Ind'ure I began the use of lime. It is best to 
procure a supply of clay before the grinding seastui. We have a yellow clay with 
gray streaks, free from sand, about 3 feet below tlie surface. 

In hot weatiier cane should he ground in the morning and the juice he converted 
into sirup before dosing the factory at night. In cool weather the Juice may stand 
ow night. The wttUng tanks should be clean and not sonr from previous nse. I 
never bad Jnice or sirup ropy. It is best to slack half a bushel of lime in a barrel, 
fill with water, and nse the clear lime water to rinse the tanks, after washing them 
clean. Add half a pintof milk of lime and a qnarter of a Imshel of clay to each fifty 
gallons of jnice, stir and mix well. Some lots of Jiiire reipiire more stirring than 
others. 

Mr. W. A. Norton, of Iowa, malces the following statements in hi8 
letter: 

I Inivo a two-lu)rso mill, dcmble sweep, witli hor.se on each end, with an e<|nall/er. 
In the factory I have three settling tanks with wooden sides and iron bottoms, 8 feet 
long, 3 feet wide, and 1 foot deep, set up off the ground, so that the Jnice runs ftoni 
flMBBto the evaporator, with back end of the tank raised 2 inches, and the outlet 
abmt 8 inches above the bottom. I nse no lime nor swing pipe, only an ontlet pipe. 
I mix clay thoroughly with the Jtiioe and let it settle one hour. I use two pans, 7 
feet and 0 feet long, on same arch. The Juice is strained through straw and wire at 
the mill, and tlie sirup is strained as it eonn-s from the |ian. I l an purify j iiici; with 
clay 80 that not more than one pailful of sen m w ill rise on liol li |iiins in a whole day's 
run. Clay is a snei ess in sorgbniii sirup nl:lnll|■aetll^l^ and does away with iIkn ini 
imrilifs (li;it do not rise. My mill started grinding in the morning, ami by tlie time 
the jnieo w as settled 1 had eiit eiiongli eane witli a McCormick com liarvester to run 
for the day. The only trouble was some of my sirup sugared. I have made sirup 
ov«r thirty yean and have made 3,000 gallons in one season. 
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Mr. Jacob Oeorge, of lowii, writes: 

I have held my tradu with the siinie vholemle SmUim for ^teii yens. Cane ahonid 
not he planted antil the weeds haveatarted before plowing. Fine fbe aoU well, 
plant in drilla 4 to 6 inches hetween cones and 8 feet 4 inohea between wm, Colti- 
vate as soon aa the rowa can he followed, then {[^ve one good hoeing to clear the 
row. After this onltlvate two or three times with " eagle-olaw " shoTel's. 

At flrat, when the oaho is very green, strip the leaves when bi^ginniiifj gi imling. 
Inaethe Folder Btoiim pan, but no limn, clay, chemicals, nor iiiiytliin^ ox( (i]it cano 
Juice. 1 ciui'y tho juiiM! 3 ti> 1 iiichcH (locj) in tlir ilrlVcator and I to li inclicH In llio 
finisher. DcfVcat liii,' in \ ats ;! to I tVot ilicp iH cnongli to ruin jiiico. Tim losHjuico 
and thi' (piioki'.r it is liiiisliril thu licttiu'. I do invt iillor tlirousb straw, but liavo 
the jnici^ llow in a wido trough a distamio of 40 feet or more, which allows luuoh 
sediment to settld before the Jnioe reaches the defecator. The raw juico wliould be 
started to boil Nlowly, then increase the boiling aud finish with a violent boiling, 
nalng not less than 80 pounds of ateam, and preferably 100 ponnds. The capacity of 
my factory is 10 barrels a day and I shall double it the coming season. I charge 
10 cents a gallon to mannfactnre gimp when the cane is delivered and 'find it 
profitable. Abont every cane mill here has been in operation, and next aeaeon will 
aeemore cane planted Uian ever before. 

'A gimp and molasses dealer, who has long handled qosntitiQg of 
sorghum sirup, makes the following statements: 

Our experience has been wholly in the lino of Helling, not of refining sirnps. Our 
idea for a standard sirup is that it should weigh 11^ pounds to the giillon ; i f lieavier 
it is liable to sugar; if lighter, to ferment. It should be bright in color, with as 
mUd flaror as possible. Any method that will soften the rank flavor and brighten 
the eolor of sorghnm will materially improve it. We think you are working in the 
right direction. 

Another firm of jobbbers in sirup and molasses writes: 

Sori;liinii Ims improved A ery liltli! Hini;e it eanie inio pioniiuence. The HK't worth 
iiientioninjj; is tliat your Si :itc ( mn.is ! pi-oiinees Hor^liuni which has an objection- 
able flavor. Tlie liest Hn,n;,n's( ion w r (mii oiler- is, nialii' tlie sii-iip iis light aS possible 
in color, of good body, uud guard against the ol) eetionablo Jlavor. 
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PARMBRS' BUU.STINS. 

TbeBA liiillotiiis uro sent fn ct dC ohiir<;it to any lulilregH upon app|loattan tO tbe 
Secretary III' Ani'ii iiltuio, Wa.ihiiiijtdii, 1>. ( '. i luly the following are available for 
ditttrilnitiou : 

No. ir», Soliio Ilf'rttriiol ivo Poljttd I>irtnarti's : Wliat 'Piit-y Arts mul Hou- to Prt'VtMit 'I'liom. Pp.8. 

Mu. lU. Lo;;iiiiiii I'hint.s ('*tr ( i n rii Maiiiii'iii^' iiml loV I'cfilinn. r|».'.il. 

Mu.l8. I''oni;ii riaiii.s lur tlni S.iiiili. 

Ko. 19. Iiiti>t)itaut Iiisoctit'iiU-s: I)in'i'tiniis I'm- 'I'lixir I'reparutiuu and Uae. Pp. 20. 

No. 21. Jlai-nvarct Muiiiin^ I'p.HJ. 

No. 22. FwMllng Farm AiiinuilH. Pii. 32. 

No. 211. l''t>oilK: Nulntivii \'aliui iiiul Ciirtt. I'ii.y2. 

No. 24. Iltijj ClioltTrt uiul Swino Plu;;iio. Pp. Ifi. 

No. 25. PoaDiits; Cultiiroand Phch. Pp. 21. 

Nil. 20. Sweet Potat4>ort: Cutlnro nod I'sotj. Pp. :io. 

No. 27. riox for Scud niid KllMir. Pp. 

No.28. WendB! and How to Kill Thtim. Pp.30. 

No.20. Hourliii! ofMilk, nnd Olhor (Jhangm in Uilk Produoto. Fp.23. 

No. 110. Qru|w tHaraai H mi the PuRitio CoMt. Pp.18. 

No.31. AltttU'a, or Luconi. Pp.211. 

No. 32. Kilog and .SIlaKo. I'li. 31. 

No. Peach Growing lor Alavket. Fp.2t, 

No. 34. MoalH: Coiiipoaltion and Cooking. Pp.3t. 

No. Iiri. Potato Oult uro. Pp.23. 

No. l ottoii StM'd and IlH Prodnota. Pp.16. 

No. 37. Kutir font ; (Jtrara<:lcrliiticti, Oultore.aiid U«M. Pp.12. 

No. 3H. Spraying for Kniit llisuaaoa. Pp.12. ■ » 

No.80. Onion (Jullurc. Pp.31. 

No. iO. I'arm Urainugu. I'p. 24. 

No.4l. Fowla: Care and Foedioc. Pp,34. 

Ifo.4a. FaetoAbontUllk. Fp.%. 

No. 48, Sewage OtapoMl on tbe Farm. Pp. SJ. 

Ko.44. OommeroialFertlUxera. Pp.24. 

No. 48. Some Inaeotaliijnriana to Stored Orala. Pp,BI, 

Na 4ft. IrriKatlon In Biimid Cllmatea. Pp. 17. 

No. 47. loaeatx A irtictlnK the Cotton Flni Pp. U. 

No.48. The Maniirihu ol'tjutton. Pp. U. 

No.4S. Sheei) I'lieiUnu. Pp.24. 

No. SO. Sorghum aa a IToraKe Onm. Fp.M. 

No.M. Stradaid VarietleaofObillUBS. Pn.4L 

No. 12. Tbe Sugar Beet. Pp. 48, 

No. 58. How to Grow Miiahrooms. Pp. 20. 

No. 54. Some Common lUrda in Their Relation to AgrionltuTO. Pp. 40, 

Ko.55. The Dairy Herd: Ita Formation and Management. Pip.24, 

No.56. KxiMjrimi'nt Station Work - 1. Pp. 3ii. 

No. 57. Bultiir Makinj; un the I'arin. Pp. \'>. 

No. 58, Tlie Hoy Ileun an a I'orago (Jrop. I'li. 24, 
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